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(57) Abstract 

A guiding catheter or angiographic catheter for use in cardiovascular interventions which incorporates a low-flexibility multi-layer 
proximal zone wherein a transition zone separates the proximal zone and a high flexibility distal zone. A mid-region zone transitions the 
high stiffness of the proximal zone to the higher flexibility of the distal zone to eliminate buckling and kinking. All zones of the catheter 
have a sufficiently large and substantially similar radiopacity, which allows the entirety of the catheter to be visible in a fluoroscope or 
other form of X-ray so that the positioning of the catheter can be precisely determined. 
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BRAIDED ANGIOGRAPHY CATHETER HAVING FULL LENGTH 
RADIOPACITY AND CONTROLLED FLEXIBILITY 

Technical Field 

This invention relates to the field of intravascular medical devices, and more 
5 particularly, to the field of catheters such as angiographic and guide catheters used for the 
placement of medicines and medical devices within the body. Specifically, the invention 
is directed to an improved guide or diagnostic catheter having full length radiopacity 
incorporating a proximal zone having lower flexibility than a distal zone, where a 
transition zone provides varying flexibility between the proximal zone and the distal zone 
1 0 for improved catheter performance. 

Background of the Invention 
Angiographic and guide catheters are well known in the field of medicine for use 
in conjunction with other catheters for the treatment of cardiovascular disease through 
such procedures as percutaneous transluminal coronary angioplasty (PTCA) procedures. 
1 5 Guide catheters aid in treatment of arterial lesions by providing a conduit for positioning 
dilatation balloon systems across an arterial stenosis. The need for a greater variety of 
guide catheters to treat different types of circumstances has grown tremendously as the 
techniques for the use of such devices has grown. 

During the treatment of cardiovascular disease, the catheter must be able to 
2 0 traverse tortuous pathways through blood vessels in a manner that minimizes trauma. In 
order for the physician to place the catheter at the correct location in the vessel, the 
physician must apply longitudinal and rotational forces. The catheter must be stiff 
enough to resist the formation of kinks, while at the same time, the catheter must possess 
flexibility to be responsive to maneuvering forces when guiding the catheter through the 

2 5 vascular system. The catheter must be rigid enough to push through the blood vessel, but 

yet flexible enough to navigate the bends in the blood vessel. The guide or angiographic 
catheter must exhibit good torque control such that manipulation of a proximal portion 
of the catheter is responsively translated to the tip or distal end of the catheter to curve 
and guide the catheter through the tortuous pathways. Thus, the catheter must have 

3 0 torsional rigidity to transmit the applied torque. To accomplish this balance between 
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transition section in which the materials of the stiff and flexible sections are joined into 
each other in a smooth gradual manner to produce an inseparable bond between the 
materials without abrupt joints. This tubing is manufactured using an extrusion process 
and may be limited in its ability to manufacture catheters having the desired number of 
5 regions of varying stiffness and the ability to easily accommodate product design changes 
during manufacture. 

Catheters may be manufactured using this approach, but its practical application 
may be limited to joining two materials to form two zones of flexibility with a transition 
therebetween. Thus, with this approach, additional manufacturing steps are necessary to 

10 provide for additional regions. These regions of varying stiffness are necessary to 
provide rigidity to push the catheter through the blood vessel, flexibility to navigate the 
bends in the blood vessel, and torsional stiffness to correctly place the catheter by 
maintaining torque control without excessive energy storage which can cause undesirable 
movement of the catheter end. 

15 It is advantageous that the catheter be visible in a fluoroscope or other form of x- 

ray, so that the catheter can be positioned with precision. In the prior art, this has been 
accomplished by applying a metal ring to the catheter adjacent the distal end. It is 
generally undesirable to place the metal ring exactly on the distal tip of the catheter, since 
the distal tip needs to be very soft and pliable. Therefore, the metal ring does not 

2 0 completely resolve the problem of precisely locating the distal tip of the catheter within 

the body by means of a fluoroscope during a medical procedure, since the metal ring is 
and must be spaced from the distal tip. In other prior art, the distal tip has been 
manufactured to be substantially more radiopaque than portions of the catheter proximal 
to the tip. 

25 Summary of the Invention 

The present invention overcomes many of the disadvantages found in the prior 
art by providing a guiding catheter for use in coronary angioplasty and other 
cardiovascular interventions which incorporates a lower flexibility proximal shaft 
portion, coupled to a higher flexibility distal tip portion. Within the distal tip, there are 

3 0 three distinct zones of flexibility. A tip transition portion separates a proximal tip portion 
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Brief Description of the Drawings 
Other objects of the present invention and many of the attendant advantages of 
the present invention will be readily appreciated as the same becomes better understood 
by reference to the following detailed description when considered in connection with the 
5 accompanying drawings, in which like reference numerals designate like parts throughout 
the figures thereof and wherein: 

Fig. 1 is a plan view with the manifold cross sectioned of a catheter showing a 
preferred embodiment of the present invention; 

Fig. 2 is a cross section view of Fig. 1 taken along line 2-2; 
1 0 Fig. 3 is a plan view of the distal tip area of the catheter of Fig. 1 , illustrating the 

shaft/tip heat bonding site and the portions of the distal tip including a transition zone of 
varying stiffness. 

Detailed Description of the Preferred Embodiments 
Referring now to the drawings, wherein like reference numerals refer to like 

15 elements throughout the several views, Fig. 1 is a plan view of a catheter with the 
manifold shown in cross section showing a preferred embodiment of the present 
invention. Figure 1 shows a catheter 1 0 which comprises a hub 46, and a linear shaft 1 1 
having a proximal end 12 and a distal end 14. A central lumen 16 extends longitudinally 
through the linear shaft from the proximal end 12 to the distal end 14. The linear shaft 

20 11 comprises a proximal shaft 17 and a distal tip 20. The proximal shaft 17 has a 
proximal end 18 and a distal end 19. The distal tip 20 is attached to the distal end 19 of 
the proximal shaft 17 at the shaft/tip heat bonding site 48. 

Referring now to Fig. 2, the proximal shaft portion 17 includes an inner tubular 
member 22 formed from polyurethane which extends from the proximal end 18 to the 

25 distal end 19 of the proximal shaft 17. The inner tubular member 22 defines the inner 
diameter 21 of the central lumen 16. An intermediate tubular member of polyether block 
amide copolymer (PEBA) 24, commercially available under the trademark PEBAX, is 
extruded over the entire length of the inner tubular member 22. The intermediate tubular 
member of PEBAX 24, has a durometer of 67D, is 80% loaded with a Tungsten filler and 

3 0 a 1%UV stabilizer. 
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The proximal portion 38 of the distal tip 20 has a durometer of 70 D, and is 55% 
loaded with a Tungsten filler and a 1% UV stabilizer. The distal portion 42 has a 
durometer of 47 D, and is also 55% loaded with a Tungsten filler and a 1% UV stabilizer. 
The transition portion 40 has a durometer ranging from 70 D at the proximal end 43 to 
5 47 D at the distal end 44, as provided by the ILC process. Experiments show that the 
proximal shaft portion 17 has substantially the same radiopacity as the distal tip 20. 

Referring back to Fig. 1, the proximal end 18 of the proximal shaft portion 17 
extends into a hub 46 molded directly over the proximal shaft portion 17. A 63 D white 
PEBAX strain relief is insert molded to the hub, and the proximal shaft portion 17 
1 0 extends into the hub 46 through the PEBAX strain relief 50. 

Having thus described the preferred embodiments of the present invention, those 
of skill in the art will readily appreciate that yet other embodiments may be made and 
used within the scope of the claims hereto attached. 
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6. The tubular assembly of claim 1 wherein said intermediate tubular 
member is substantially cooled before said woven braid member is provided so that said 
woven braid is not embedded in outer surface of said intermediate tubular member. 

5 7. The tubular assembly of claim 1 wherein said outer tubular member is 

formed of polyether block amide having a durometer of 67 D, is 80% loaded with a 
Tungsten filler and a 1% UV stabilizer. 

8. The tubular assembly of claim 1 wherein said outer sleeve tubular member 
1 0 substantially overlies all of said outer tubular member and conforming thereto. 

9. The tubular assembly of claim 1 wherein said outer sleeve tubular 
member is formed from polyether block amide having a durometer of 70D, and is 30% 
loaded with a bismuth subcarbonate filler and 1% colorant (phthalocyanine blue, violet 

15 23). 

1 0. A tubular assembly for an intravascular catheter comprising: 

a linear shaft having a proximal end, a distal end, and a lumen extending 
longitudinally therethrough; 
2 0 a proximal shaft portion of high radiopacity included within said linear shaft, said 

proximal shaft portion extending distally a predefined distance from the proximal end of 
said linear shaft, wherein said proximal shaft portion has a proximal end and a distal end; 
and 

a distal tip, said distal tip having a lumen therethrough, said distal tip included 

2 5 within said linear shaft portion extending distally from the distal end of said proximal 

shaft portion to the distal end of said linear shaft so that said lumen of said proximal shaft 
portion and said lumen of said distal tip form a continuous lumen extending from said 
proximal end of said proximal shaft portion through a distal end of said distal tip, said 
distal tip further comprising a proximal portion having a first material of a first stiffness, 

3 0 a transition portion having a second material with a continuous differential second 
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17. The tubular member of claim 10 wherein substantially all portions of said 
proximal shaft and said distal tip have substantially similar radiopacity. 

18. The tubular assembly of claim 11 wherein the inner tubular member is 
formed from polyurethane. 

1 9. The tubular assembly of claim 1 1 wherein the intermediate tubular member 
is formed of polyether block amide, having a durometer of 67 D, loaded with a Tungsten 
filler and/or UV stabilizer. 

20. The tubular assembly of claim 1 1 wherein the woven braid member is 
braided from strands of stainless steel. 

2 1 . The tubular assembly of claim 1 1 wherein said woven braid is embedded 
in outer surface of said intermediate tubular member. 

22. The tubular assembly of claim 1 1 wherein said intermediate tubular 
member is substantially cooled before said woven braid member is provided so that said 
woven braid is not embedded in outer surface of said intermediate tubular member. 

23. The tubular assembly of claim 1 1 further comprising: 

an outer tubular member contained within said proximal shaft portion 
substantially overlying said woven braid member and conforming thereto. 

24. The tubular assembly of claim 23 wherein said outer tubular member is 
formed of polyether block amide having a durometer of 67 D, is 80% loaded with a 
Tungsten filler and a 1% UV stabilizer. 

25. The tubular assembly of claim 24 further comprising: 
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(54) Flow directed catheter having radiopaque strain relief segment 



(57) A flow directed catheter for use in medical di- 
agnostic or therapeutic procedures having a strain relief 
segment between the relatively stiff proximal section of 



the catheter and the floppy distal tip portion in which the 
strain relief segment is formed of a polymeric material 
containing a radiopaque agent. 
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Description 

Field of the Invention 

[0001] A flow directed catheter for use in medical di- 
agnostic or therapeutic procedures having a strain relief 
segment between the relatively stiff proximal section of 
the catheter and the floppy distal tip portion in which the 
strain relief segment is formed of a polymeric material 
containing a radiopaque agent. 

Background Art 

[0002] In order to diagnose the extent of coronary ar- 
tery disease angiography procedures are used to view 
the blood flow through selected bloodvessels. In carry- 
ing out this procedure diagnostic catheters are intro- 
duced into the blood vessels of a patient and are ad- 
vanced over a guidewire through the vascular system 
of the patient until the distal end of the catheter is 
steered into the particular blood vessel to be examined. 
[0003] In view of the fact that the human vasculature 
is quite tortuous it is essential that a diagnostic catheter 
be capable of being steered by torquing the proximal 
hub of the catheter in order to direct the catheter through 
the vascular system. With extremely small vessels it is 
often not possible to provide a catheter with sufficient 
flexibility for passage through the tortuous vasculature 
while still providing sufficient rigidity to steer, or torque, 
the distal end of the catheter to a desired site. Accord- 
ingly, in certain instances it is desirable to provide a cath- 
eter in which the proximal end of the catheter is relatively 
stiff and the distal end of the catheter is very flexible, or 
floppy, in order that the distal tip of the catheter may be 
steered, or directed, through the vasculature by means 
of the flow of blood through the vessel. Such catheters 
are generally referred to as flow directed catheters. 
[0004] Such flow directed catheters generally com- 
prise a connector hub, a relatively long and stiff proximal 
section for pushing the catheter into the vasculature sys- 
tem, and a shorter and very floppy distal tip section. The 
floppy distal tip section is of a very low durometer in or- 
der that the tip section may be guided, or directed, by 
the flow of blood through the blood vessel. 
[0005] Medical catheters have for many years includ- 
ed a relatively short distal tip which is formed of a poly- 
meric material containing a radiopaque agent in order 
that the distal tip of the catheter may be readily viewed 
under X-ray radiation as the catheter is passed through 
the blood vessels of a human body. With a radiopaque 
distal tip it is possible for the physician to observe the 
exact location of the distal tip portion of the catheter rel- 
ative to its position within the human body. 
[0006] Examples of prior art patents which disclose 
medical catheters having distal tips containing a radio- 
paque agent are United States Patent No. 5,045,072 en- 
titled "Catheter Having Highly Radiopaque, Flexible Tip" 
to Castillo et at. and United States Patent No. 5,171,232 



to entitled "Catheter Having Highly Radiopaque, Flexi- 
ble Tip" Castillo et al., both of which are assigned to the 
assignee of the present application and are incorporat- 
ed herein by reference 

5 [0007] One problem with currently available flow di- 
rected catheters is that with these devices the physician 
is unable to determine the exact position of the transition 
area between the relatively stiff proximal portion of the 
catheter and the floppy distal portion of the catheter. 

10 With the inability to determine the location of this tran- 
sition area it is very difficult to determine which portion 
of the catheter may be steered by torquing on the hub 
of the catheter and which portion of the catheter may 
not be so steered but may simply be permitted to be di- 

15 rected by the flow of blood through the blood vessel. In 
addition, it is difficult for the doctor to prevent kinking of 
the relatively soft floppy portion of the catheter as this 
portion of the catheter passes through the blood vessel 
if the doctor is unable to discern whether a particular 

20 portion of the catheter is formed of a relatively stiff ma- 
terial or a very floppy material. 

Summary of the Invention 

25 [0008] The present invention relates to a flow directed 
catheter intended for the insertion into the blood vessels 
of a patient which may be guided through the vascula- 
ture of the patient by a force exerted on the floppy distal 
portion of the catheter by the flow of blood through the 

30 vasculature. The catheter includes a strain relief section 
which is positioned between a relatively rigid proximal 
portion of the catheter and a floppy distal portion of the 
catheter and in which the strain relief section is formed 
of a polymeric material containing a radiopaque agent 

35 with this device, the physician may readily determine the 
exact position of the strain relief portion of the catheter 
or the position of the transition region between the rel- 
atively stiff portion of the catheter and the very floppy 
distal portion of the catheter. 

40 [0009] Flow directed catheters constructed in accord- 
ance with the present invention include a proximal con- 
nector hub, a relatively stiff proximal tubular section 
bonded to the hub, a highly flexible distal tubular section, 
and a relatively short tubular strain relief section inter- 

45 posed between the proximal tubular section and the dis- 
tal top section. The tubular strain relief section is more 
flexible than the proximate tubular section and less flex- 
ible than the distal tubular section and is formed of a 
polymeric material containing a radiopaque agent. With 

50 this device, a physician is able to precisely locate the 
position of the strain relief section of the catheter. The 
highly flexible tubular section is very floppy in nature and 
its position is controlled by the flow of blood through the 
blood vessel to thereby permit the physician to precisely 

55 position the distal tip of the catheter at a desired site. 
[0010] In accordance with another aspect of the 
present invention, the tubular strain relief section is 
formed of a polymeric material containing from about 40 
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to 75 weight percent of radiopaque agent, such as bar- 
ium sulfate, bismuth subcarbonate or bismuth trioxide. 
[0011] In accordance with still another aspect of the 
present invention, the tubular strain relief section is ther- 
mally fused to the distal end of the proximal tubular sec- 
tion and the distal tubular section is thermally fused to 
the distal end of the strain relief section. In addition, the 
tubular strain relief section is preferably free of any me- 
tallic radiopaque member, such as a metal ring, which 
is positioned on or adjacent to the strain relief section. 
[0012] In accordance with another aspect of the 
present invention, the highly flexible distal section, or 
floppy distal tip, is more than twenty times the length of 
the strain of the relief section and the relatively stiff prox- 
imal section of the catheter is more than ten times the 
length of the floppy distal section. In addition, the prox- 
imal tubular section preferably has a durometer of be- 
tween SOD and 90D, the strain relief section has a du- 
rometer of between 25D and 50D and the distal tubular 
section has a durometer between 50A and 90A. 
[0013] In accordance with still another aspect of the 
present invention, the distal floppy section has a length 
of between 10 and 50 centimeters and may be com- 
prised of an inner distal section and an outer distal sec- 
tion in which the inner distal section is more flexible than 
the strain relief section of the catheter and the outer dis- 
tal section is more flexible than the inner distal section. 
[001 4] From the above it may be appreciated that one 
object of the invention is a flow directed catheter with a 
floppy distal tip which may be directed through the vas- 
culature by the flow of blood and in which a radiopaque 
strain relief section is positioned between the floppy dis- 
tal tip and a relatively stiff proximal section to thereby 
provide the physician with an exact location of the tran- 
sition area between the relatively stiff proximal section 
and the floppy distal tip of the catheter. This and other 
objects, advantages and features of the invention will 
become better understood from a detailed description 
of the invention which is described in conjunction with 
the accompanying drawings: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Figure 1 is a partially crossed-sectional view of the 
flow directed catheter of the present invention which 
illustrates the various section of the catheter; 
Figure 2 is a partially crossed-sectional view of a 
flushable stilt for use with the flow directed catheter 
of Figure 1 ; 

Figure 3 is an elevational view of the flow directed 
catheter of Figure 1 in conjunction with the flushable 
stylet of Figure 2; and, 

Figure 4 is diagrammatic view showing the flow di- 
rected catheter of the present invention inserted in 
the tortuous vasculature of a human body. 



DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0016] Figure 1 illustrates the assembled flow direct- 
5 ed catheter 50 having a main tubular body 52 with a 
proximal end 54 and a distal end 56 and an inner lumen 
58 extending there through. The main tubular body 52 
is constructed from four segments; a relatively stiff prox- 
imal shaft segment 60, a radiopaque strain relief seg- 
io ment 70, a proximal floppy segment 80 and a soft distal 
floppy segment 90. 

[0017] The relatively stiff proximal shaft segment 60 
of main tubular body 52 is preferably made from a high 
durometer polymeric material or a polymer coated me- 

is tallic hypotube. Suitable polymers for the proximal shaft 
segment 60 include biologically compatible polymers 
such as nylon, polyethylene, polyester, polyurethane, 
silicone and the like. The durometer of the proximal shaft 
segment 60 is between 60D and 90D and is preferably 

20 75D. The proximal shaft segment 60 provides proximal 
support for flow directed catheter 50, enabling pushabil- 
ity without the need of a guidewire. The proximal shaft 
segment 60 comprises a proximal end 54 to which a hub 
coupling 100 is attached and a slight distal taper 62 to 

25 which the radiopaque strain relief segment 70 is at- 
tached. The length of proximal shaft segment 60 is be- 
tween 100 cm and 145 cm preferably between 125 cm 
and 130 cm. The preferable inner diameter and outer 
diameter of proximal shaft segment 60 are about 0.55 

30 mm and 0.94 mm respectively. The length of the slight 
distal taper 62 is between 0.1 mm and 3 mm more pref- 
erably between 1 .5 mm and 2.5 mm. 
[0018] The proximal shaft segment 60 is attached to 
the radiopaque strain relief segment 70 at the slight dis- 

35 tal taper 62 by a thermal fuse joint 65. The thermal fuse 
joint 65 is created by placing the slight distal taper 62 of 
proximal shaft segment 60, while on a mandrel, inside 
of the radiopaque strain relief segment 70 and heating 
the assembly. Depending upon the materials used for 

40 the proximal shaft segment 60 and the radiopague strain 
relief segment 70 the fusing temperature ranges from 
300°F to 550°F. Preferably the fuse temperature is be- 
tween 350°F and 450°F. 

[0019] The radiopaque strain relief segment 70 pro- 
45 vides the physician with a visible marker under fluoros- 
copy indicating the location of the relatively stiff proximal 
shaft segment 60 in relation to the guiding catheter tip. 
The radiopaque strain relief segment 70 also prevents 
kinking that occurs when a rigid tube is connected to a 
so very flexible tube. The radiopaque strain relief segment 
70 is more flexible than the proximal shaft segment 60 
and made from a polymer tube that has been made ra- 
diopaque by incorporating radiopaque fillers during the 
forming process. The strain relief segment 60 is of a du- 
es rometer of between about 25D and 50D and is prefera- 
bly about 40D. Suitable fillers include powders made 
from metals such as tungsten and tantalum as well as 
compounds containing barium and bismuth such as bar- 
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ium sulfate, bismuth subcarbonate and bismuth trioxide. 
Preferably the strain relief segment 60 is formed of a 
polymeric material containing between 40 and 75 weight 
percent of the radiopaque agent. Since the incorpora- 
tion of fillers generally increase the stiffness of a polymer 
the length of the radiopaque strain relief segment 70 
must be fairly small, between 0.4 cm and 0.6 cm pref- 
erably about 0.5cm. 

[0020] The radiopaque strain relief segment 70 is at- 
tached to a proximal floppy segment 80 by a thermal 
fuse joint 75. The proximal floppy segment 80 is more 
flexible, i.e. lower durometer than the radiopaque strain 
relief segment 70 and proximal shaft segment 60. The 
inner diameter of the radiopaque strain relief segment 
70 and the proximal floppy segment 80 is between 0.25 
mm and 0.55 mm preferably about 0.42 mm, while the 
outer diameter is between 0.60 mm and 0.94 mm pref- 
erably about 0.79 mm. The length of the proximal floppy 
segment 80 is between 10 cm and 20 cm preferably 
about 1 5 cm. 

[0021 ] The proximal floppy segment 80 is attached to 
the distal floppy segment 90 by a thermal fuse joint 85. 
The distal floppy segment 90 is constructed from a low 
durometer polymer and is more flexible than the proxi- 
mal floppy segmentile the outer diameter is between 
0.25 mm and 0.76 mm preferably 0.61 mm. The length 
of the distal floppy segment is between 10 cm and 30 
cm preferably about 20 cm. To make the distal tip of flow 
directed catheter 50 visible under fluoroscopy a radio- 
paque marker 95 is attached to distal floppy segment 
90. Tofacilitate access to some vessels in tortuous anat- 
omy the distal tip of the distal floppy segment 90 may 
be preshaped. The proximal floppy segment 80 is of a 
duromter between about 50A and 90A and preferably 
between about 70A and 80A. The distal floppy segment 
90 is of a durometer of between about 50A and 90A and 
is preferably between about 65A and 75A. 
[0022] To reduce damage while using, the flow direct- 
ed catheter 50 is coated with a lubricious polymer. This 
coating may be hydrophobic or hydrophilic in nature, 
preferably hydrophilic, and applied to the interior and ex- 
terior of flow directed catheter 50. Hydrophilic coatings 
are widely known in the industry and may be applied 
using a dip coating process and subsequently dried, 
covalently bonded and crosslinked using a single ther- 
mal drying cycle. Preferably this drying temperature 
would be below the softening point of the polymers be- 
ing coated about 50°C to 60°C. To facilitate the intro- 
duction of flow directed catheter 50 into the guidingcath- 
eter a stylet is inserted to provide support. 
[0023] Figure. 2 illustrates a flushable stylet 250 for 
use with flow directed catheter 50. The flushable stylet 
250 allows the hydrophilic coating on the interior of flow 
directed catheter 50 to be flushed and hydrated without 
removing the stylet. This procedure prevents damage 
to the interior coating of the flow directed catheter 50. 
Flushable stylet 250 consists of a hollow tube body 252, 
with a proximal end 254 to which a luer hub 290 is at- 



tached and having a distal end 256. The proximal end 
254 of the tube body 252 is attached to luer hub 290 by 
using an adhesive or thermal fuse with the lumen of luer 
hub 290 remaining open. The tube body 252 may be 

5 coated with a hydrophobic or hydrophilic lubricious pol- 
ymer, preferably hydrophobic. To facilitate introduction 
of the flushable stylet 250 into flow directed catheter 50, 
the tube body 252 may also be tapered. 
[0024] Figure 3 illustrates the catheter sytlet assem- 

10 bly 300. The flushable stylet 250 is placed inside of flow 
directed catheter 50 coaxially. Luer hub 290, secures 
onto hub coupling 100. A syringe filled with saline at- 
taches to luer hub 290 and saline is infused through luer 
hub 290 and into flow directed catheter 50. 

is [0025] Figure 4 illustrates the flow directed catheter 
50 inserted into the vasculature 400. Guiding catheter 
30 is located in the vascular terntory 400 proximal to the 
intended embolization site 480. In general the intended 
embolization site 480 is a region of relatively high flow 

so as associated with an arteriovenous malformation or fis- 
tula. Flow directed catheter 50 is extended from the 
guiding catheter 30 and traverses the vasculature 400 
towards the intended embolization site 480. Once the 
intended embolization site 480 Is reached various types 

2S of therapeutic agents such as platinum coils, polyviny- 
lalcohol particles, ethanol or cyanoacrylate adhesives 
may be delivered to treat the lesion. For regions of low 
flow, flow directed catheter 50 may be used in conjunc- 
tion with a guidewire inserted in the lumen to access le- 

30 sions. 

Those skilled in the art will appreciate that the flow di- 
rected catheter of the present invention may be manu- 
factured from various materials and with various durom- 
eters to suit the desires of different physicians. 

35 [0026] Various modification and changes in detail 
may be made to the above-described embodiments and 
examples without departing from the spirit and scope of 
the invention. It is therefore intended that all such matter 
as described in the foregoing description and shown in 

40 the attached drawings be considered as illustrative only 
and not limiting. 



Claims 

45 

1. A flow directed catheter comprising a proximal con- 
nector hub, a relatively stiff proximal tubular section 
bonded to the hub, a highly flexible distal tubular 
section and a relatively short tubular strain relief 

so section interposed between the proximal tubular 
section and the distal tip section, said tubular strain 
relief section being more flexible than the proximal 
tubular section and less flexible than the distal tu- 
bular section and being formed of a polymeric ma- 
ss terial containing a radiopaque agent. 

2. The flow directed catheter as defined in Claim 1 , 
wherein the tubular strain relief section is formed of 
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a polymeric material containing from 40 to 75 weight 
percent of a radiopaque agent. 

3. The flow directed catheter as defined in Claim 1 , 
wherein the tubular strain relief section is thermally £ 
fused to the distal end of the proximal tubular sec- 
tion and the distal tubular section is thermally fused 

to the distal end of the tubular strain relief section. 

4. The flow directed catheter as defined in Claim 1 , 10 
wherein the highly flexible distal section is more 
than twenty times the length of the strain relief sec- 
tion and the relatively stiff proximal section is more 
than 10 times the length of the highly flexible distal 
section. is 

5. The flow directed catheter as defined in Claim 3, 
wherein the proximal tubular section has durometer 
of between 60D and 90D, the strain relief section 
has a durometer of between 25D and 50D and the 20 
distal tubular section has a durometer of between 
50A and 90A. 

6. The flow directed catheter as defined in Claim 5, 
wherein the distal tubular section has a length of 25 
between 10 and 50 centimeters. 

7. The flow directed catheter as defined in Claim 6, 
wherein the distal tubular section is comprised of a 
proximal segment and a distal segment and the 30 
proximal segment is more flexible than the strain re- 
lief section and the distal segment is more flexible 
than the proximal segment. 
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The examination is being carried out on the following application documents: 

Description, Pages 

1-16 as published 



Claims, Numbers 

1-16 received on 28.06.2005 with letter of 27.06.2005 



Drawings, Sheets 

1/3-3/3 as published 

1 . Reference is made to the following documents; the numbering will be adhered to in 
the rest of the procedure: 

D1 : US-A-5 045 072 (CASTILLO MIGUEL A [US] ET AL) 3 September 1 991 (1 991 - 
09-03) 

D2: WO 99/1 7827 A (SCIMED LIFE SYSTEMS INC [US]) 1 5 April 1 999 (1 999-04- 
15) 

2. The application comprises 2 independent apparatus claims (1 and 10). 

Although these claims have been drafted as separate independent claims, they 
appear to relate effectively to the same subject-matter and to differ from each other 
only with regard to the definition of the subject-matter for which protection is sought 
or in respect of the terminology used for the features of that subject-matter. The 
aforementioned claims therefore lack conciseness. Moreover, lack of clarity of the 
claims as a whole arises, since the plurality of independent claims makes it difficult, if 
not impossible, to determine the matter for which protection is sought, and places an 
undue burden on others seeking to establish the extent of the protection. 
Hence, the above claims are not allowable since they do not meet the requirements 
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of Article 84 EPC. 

In order to overcome this objection, it would appear appropriate to file an amended 
set of claims defining the relevant subject-matter in terms of a single independent 
claim followed by dependent claims (Rules 43(2) to (4) EPC). 

3. INDEPENDENT CLAIM 1 

The present application, notwithstanding the above-mentioned lack of clarity, does 
not meet the requirements of Article 52(1) EPC, because the subject-matter of claim 
1 is not new in the sense of Article 54(1) and (2) EPC. 

The document D1 being the closest prior art discloses ( the references in 
parentheses applying to this document ): 

A central venous catheter (col.3, line 3-5, fig.1 ,(10)) comprising: 

a proximal tube segment (15) containing a polymer material of a first durometer and a 
first amount of a radiopaque filler (col.3 lines 41-51); 

a distal tube segment (14) having a polymer material of a second durometer and a 
second amount of a radiopaque filler, wherein the first durometer is higher than the 
second durometer and the percentage by weight of the first amount is lower than that 
of the second amount (col.3, lines 30-40) ; 

and a transition tube segment (1 3) interposed between the proximal tube segment 
and the distal tube segment (col.3, line 16 and fig.1). 

Therefore the subject-matter of claim 1 is not new (Article 54(1) and (2) EPC). 

4. INDEPENDENT CLAIM 10 

4.1 The present application, notwithstanding the above-mentioned lack of clarity, does 
not meet the criteria of Article 52(1 ) EPC, because the subject matter of claim 1 does 
not involve an inventive step in the sense of Article (56) EPC. 

4.1 Document D1 , which is considered to represent the most relevant state of the art to 
the subject matter of claim 1 0, discloses (the references in parentheses applying to 
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this document): 

A central venous catheter (col.3, line 3-5, fig.1 ,(10)) comprising: 

a proximal tube segment (1 5) of a first durometer(col.3 lines 41 -51 ); 

a distal tube segment (1 4) of a second durometer that is lower than the first 

durometer (col.3, lines 30-40); 

a transition lube segment interposed between the proximal tube segment and the 
distal tube segment (1 3), 

the proximal, distal and transition tube segments together define a single integrally 
formed tube (fig. 1) 

4.2 The subject-matter of independent Claim 18 differs from the disclosure of D1 in that 
the transition tube segment is continuously variable in durometer over the length of 
the transition tube segment. The effect is that the catheter shaft has an improved 
kinking or buckling resistance. 

4.3 The problem to be solved by the present invention may therefore be regarded as how 
to improve the maneuverability of the catheter through traverse tortuous pathways of 
blood vessels. 

4.4 In view of D2 the solution proposed in claim 1 0 of the present application cannot be 
considered as involving an inventive step (Article 56 EPC) for the following reasons: 
D2 discloses a transition portion (40) between a region with a material that has a 
higher stiffness (38) and another material that has a lower stiffness (42). This 
transition region is defined by a gradual stiffness transition along its path which 
eliminates buckling and kinking (page 4, lines 1 -4 and 24-30) that results in an 
improved maneuverability of the catheter (implicit). 

4.5 Therefore the features disclosed in D1 and D2 would be combined by the skilled 
person, without exercise of any inventive skills in order to solve the problem posed. 
The proposed solution in independent claim 10 thus cannot be considered inventive 
(Article 56 EPC). 

5. DEPENDENT CLAIM 9 

The feature of dependent claim 9 is also disclosed in D1 (see fig.1) and it is not 
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novel (Art. 54(1) and (2) EPC). 



6. DEPENDENT CLAIMS 4-6,1 1,14 and 16 

Dependent claims 4-6,1 1 ,14 and 16 do not contain any additional features which, in 
combination with the features of any claim they refer, meet the requirements of the 
EPC with respect to inventive step, the reasons being as follows: 

7.1 D1 renders obvious in combination with the features of D2: 

Claim 1 1 - "Less radiopaque filler in proximal part", (see claims 17,18) 
Claim 16 - " Single tube", (fig.1) 

7.2 D2 renders obvious in combination with the features of D1 : 

Claims 4,5,6,1 4 - "Continuously decreasing durometer", (page 4, lines 24-30, 
implicit and page 7, lines 4-6) 

Therefore the features of claims 4-6,1 1 ,14 and 16 do not involve any inventive step 
(Articles 52(1 ) and 56 EPC). 



8. DEPENDENT CLAIMS 2,3,7,8,12,13,15 

The combination of the features of dependent claims 2,3,7,8,12,13 and 15 are 
neither known from, nor rendered obvious by, the available prior art. 



9. The following amendments should also be considered: 

9.1 At present, it cannot be anticipated which features the applicant desires to 

incorporate into claim 1 , in order to arrive at matter meeting the requirements of the 
EPC. 



Date 10.06.2008 
Date 



EPA Form 2906 12.07CSX 



Date"' 10.06.2008 Steet 5 ApplicIttonNo.: 03 796 822.9 

Date Feuille Demanden 0 : 



9.2 The applicant is invited to file an amended set of claims overcoming the above 
objections. 

9.3 Any new independent claim will have to be worded in the two-part form incorporating 
in its pre-characterising portion the features disclosed in D1 as the closest prior art 
and with the remaining features being included in the characterising part (Rule 
43(1),EPC). 

9.4 Reference signs should be used throughout the claims (Rule 43(7)). 

9.5 To meet the requirements of Rule 42(1 )(b) EPC, the document D1 should be 
identified in the description and the relevant background art disclosed therein should 
be briefly discussed. 

9.6 In order to be able to assess the question of inventive step, the applicant is asked to 
indicate in the response which technical problem is solved by the characterising 
features of the new claim 1 compared to D1 as the closest prior art (Rule 
42(1)c)EPC). 

9.7 The description will have to be brought into line with the new claims (Rule 42(1 )(c) 
EPC). 

9.8 For clarity the statement "spirit of invention" in the description on page 1 6, line 3 
should be deleted (Art.84 EPC). 

9.9 The attention of the applicant is drawn to the fact that the application may not be 
amended in such a way that it contains subject-matter which extends beyond the 
content of the application as filed (Article 123(2) EPC). 
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